Abstract. Remote and in situ measurements of gases and aerosols were made with airborne instrumentation to investigate the sources and sinks of tropospheric gases and aerosols over the western Pacific during the NASA Global Tropospheric Experiment (GTE)/Pacific Exploratory Mission-West A (PEM-West A) conducted in September-October 1991. This paper discusses the general characteristics of the air masses encountered during this experiment using an airborne lidar system for measurements of the large-scale variations in ozone (03) and aerosol distributions across the troposphere and airborne in situ instrumentation for comprehensive measurements of air mass composition. In low latitudes of the western Pacific the airflow was generally from the east, and under these conditions the air was observed to have low aerosol loading and low ozone levels throughout the troposphere. Ozone was found to be below 10 parts per billion volume (ppbv) near the surface to 40-50 ppbv in the middle to upper troposphere. In the middle and high latitudes the airflow was mostly westerly, and the background 03 was generally less than 55 ppbv. On 60% of the PEM-West A flights, 03 was observed to exceed these levels in regions that were determined to be associated with stratospheric intrusions. In convective outflows from typhoons, near-surface air with low ozone (<25 ppbv) was transported into the upper troposphere (> 10 km). Several cases of continental plumes from Asia were observed over the Pacific during westerly flow conditions. These plumes were found in the lower troposphere with ozone levels in the 60-80 ppbv range and enhanced aerosol scattering. At low latitudes over the central Pacific the troposphere primarily contained air with background or low ozone levels; however, stratospherically influenced air with enhanced ozone (40-60 ppbv) was observed several times in the lower troposphere. The frequency of observation of the air masses and their average chemical composition are also discussed in this paper.
Introduction
The primary objectives of the NASA Global Tropospheric Experiment (GTE)/Pacific Exploratory Mission-West A (PEMWest A) field experiments were to investigate the atmospheric chemistry of ozone (03) To study the budget of 03 across the troposphere, we must be able to examine the sources and sinks of 0 3 as they are related to different air masses that are observed over the western Pacific.
H20 and O(ID) and that odd nitrogen is deposited as nitric acid (HNO3) and particulate nitrate (NO3-
Contributions from stratosphere-troposphere exchange processes, natural photochemical processes, and anthropogenic photochemical processes must be examined across the entire troposphere to determine the large-scale magnitude of their impact on the tropospheric 0 3 budget. This paper reports the results of large-scale studies of the distribution of aerosols and 03 over the western Pacific using primarily data from an airborne lidar system. These results, together with airborne in situ measurements of 03 and aerosols [Gregory et al., 
Experimental Techniques
An airborne differential absorption lidar (DIAL) system was used to provide vertical profiles of 03 and aerosols from near the surface to above the tropopause along the flight track of the [Gatz, 1977] , while insoluble gases will pass into the outflow region in the middle to upper troposphere to photochemically produce 0 3 if the precursor gases are present [Pickering et al., 1989 [Pickering et al., , 1991 . This discussion has presented examples of the major processes that were observed to increase 0 3 in the troposphere over the western Pacific during PEM-West A. These processes include stratospheric intrusions which mix elevated concentrations of 03 with the background tropospheric air to produce what we call stratospherically influenced air, and continental outflows which can increase 03 if the precursor gases are present in the air that is directly advected over the Pacific in aerosol-laden plumes or in outflows from convection over the continent.
Low Ozone Air and Convective Transport over Pacific
The first observation of an extensive region of air containing low 03 (<30 ppbv) was on October 1, 1991, on a survey flight that was orignally planned to go from Yokota, Japan, to Hong Kong, but because of a problem with the weather radar on the DC-8 and the presence of Typhoon Nat over the South China Sea was diverted to Okinawa. Plate 5 presents the aerosol and 03 distributions observed east of the northern tip of the Philippines on this flight. Except for the aerosols contained predominantly in the marine boundary layer below -1.5 km and some cloud activity seen on the right of the cross section, the atmosphere was clean of aerosols below -11.5 km. •.g ,,,I,,,,I,,,,I,,,,I,,,,I,,,,I,,,,  ,,!,,,,I,,,,I,,,,I,,,,I,,,,I At midlatitudes (20ø-40øN) over the western Pacific the average tropopause was at -16 km, and the background air was the predominant air mass type throughout the free troposphere, representing about 40% of the troposphere from 3 to 16 km. This provides confirmation that the 03 reference profile used in the air mass classifications does represent the average air mass type in this region. In addition, the average 03 profile for this air mass type was very close to the reference 0 3 profile chosen for the air mass discrimination (Figure 10) . The SINF and convective outflows (marine) also contributed greatly to the composition in the upper troposphere. In the midtroposphere, many different air mass types were observed, and in the lower troposphere, plumes from continental outflows and convective outflows from the continent were the dominant air masses. Figure 10 shows the average 0 3 profiles for these air masses in the midlatitude region. The high 03 plumes had up to 100% higher 03 than that found in the background air, and in the upper troposphere the 0 3 in the SINF was -40% higher than the background average. The 03 levels in the convective outflows (marine) were comparable to 03 levels 5 to 10 km lower in the troposphere.
The The C2H2/CO and C3H8/C2H 6 ratios in these air masses were also elevated (1.72-2.10 and 0.097-0.167, respectively) indicating that these air mass types have had a short processing time from their source over the continent. While the insoluble gas composition was similar in these air mass types, the levels of H202 (348 pptv) and CH3OOH (146 pptv) were greatly reduced in the continental convective outflow (CO-C) air ( (Table 6 ). These measurement periods primarily corresponded to level flight legs that had either been overflown or underflown in the same geographic region during wall-type missions. Table 6 also shows the altitudes and geographic locations of the measurements. Only one case of low-O 3 plumes (LPLU) and two cases of background-0 3 plumes (BPLU) and near surface air (NS) could be clearly identified as having been in situ sampled. While the DIAL classification scheme could readily identify these air mass types, the limited in situ sampling of these air masses must be recognized in the interpretation of their chemical characteristics. Table 7 't' 150øE -160øW region. 
Conclusions
The troposphere over the Pacific during the late summer/early fall was found to be composed of a complex combination of different air masses. The distribution of 0 3 and aerosols in these air masses has been used to differentiate between different air mass types. Backtrajectory analyses were used to identify the probable source (continental or marine) of the tropospheric air, and inference of stratosphere-troposphere exchange was made through PV analyses. The tropospheric composition was found to be greatly dependent on the region of the Pacific and the altitude range of the air masses. Nine types of large-scale air masses were characterized during PEM-West A. The spatial distribution, frequency of observation, and composition of these air masses were discussed above.
Significant enhancements in 03 levels (typically >40% greater than reference 03 profile) were found at high latitudes (40ø-60øN) over the Pacific during the summer/fall due to photochemical 03 production in continental plumes in the low to midtroposphere and to air that has been previously involved in stratospheric intrusions (SINF). Enhanced PV levels were associated with the SINF, and backtrajectory analysis confirmed the origin of the plumes over the Asian continent. The high-O 3 continental plumes and SINF represented 64% and 27%, respectively, of the troposphere in this high-latitude region. At midlatitudes (20ø-40øN) over the western Pacific the tropo-(<10 ppbv) below 2 km. In the central Pacific (150øE-160øW) at sphere was dominated by background 0 3 and aerosol conditions low latitudes the average 03 levels were not so low as in the (31%); however, 03 was enhanced due to stratospheric influences western Pacific. Background 03 was observed over 46% of the in 15-51% of the troposphere between 8 and 16 km. Plumes were troposphere, and clean Pacific air and convective outflows were frequently observed (over 37% of the time) in the lower troposphere below 5 km, and as in the high-latitude results, the majority of plumes had enhanced levels of photochemically produced 0 3 . These were due to advection of air from urban sources or biomass-burning regions. Low 03 was found in association with cirrus clouds in up to 30% of the cases in 8-to 15-km region. This air was transported from near the surface into the upper troposphere as a result of convective storm activity over the 
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